A new onchocercid species, Loxodontofilaria caprini n. sp. (Filarioidea: Nematoda), found in subcutaneous tissues of 37 (33 %) of 112 serows (Naemorhedus crispus) examined in Japan, is described. The female worm had the characteristics of Loxodontofilaria, e.g., the large body size, well-developed esophagus with a shallow buccal cavity, and the long tail with three caudal lappets. The male worm of the new species, which was first described in the genus, had unequal length of spicules, 10 pairs of pre-and post-caudal papillae, and three terminal caudal lappets. Deirids were present in both sexes. Among four species of the genus Loxodontofilaria: one from the hippopotamus and three from the Elepantidae, L. caprini n. sp. appears close to L. asiatica Bain, Baker & Chabaud, 1982, a subcutaneous parasite of Elephas indicus in Myanmar (Burma). However, L. caprini n. sp. is distinct from L. asiatica in that the Japanese female worm has an esophagus half as long and the microfilariae also half as long with a coiled posterior. The microfilariae were found in the skin of serows. The new parasite appears to clearly illustrate a major event in the evolution of onchocercids: the host-switching. This might have occurred on the Eurasian continent, where elephantids and the lineage of rupicaprines diversified during the Pliocene-Pleistocene, or in Japan, into which some of these hosts migrated. 
INTRODUCTION

D
uring the past ten years, a thorough search for filarial worms found in dermis or subcutaneous tissues of the two wild ruminants, the its present population is estimated as 50,000 (Uni et al., 1998b) . Between 1996 and , in accordance with the conservation and control policies of the Ministry of the Environment, 102 serows were killed on Mt. Zao (1,841 m) in Yamagata Prefecture, northern part of Honshu, the largest island of Japan, and nine serows were killed or found dead on Mt. Ena (2,190 m) in Gifu Prefecture, central Honshu. All these animals were dissected at the animal husbandry research center in Yamagata or at Gifu University, and examined for filarial parasites in the skin and subcutaneous connective tissues. In the search for microfilariae, skin snips were taken from the face, ears, neck, olecranons, limbs, back, abdomen, and tail; the number, measurements, and characteristics of the microfilariae found were recorded as described elsewhere . Blood films were made from each serow and stained with Giemsa's solution, but microfilariae were not found. In addition, limbs and skins of 20 serows from Yamagata and nine from Gifu were shipped refrigerated to the laboratory of Osaka City University Medical School (OCUMS) for detailed examinations. One serow, found dead on the snow in February 1998 on Mt. Sobo (1,756 m) in Oita Prefecture, Kyushu, the large southern island of Japan, was dissected at the Kitakyushu Museum and Institute of Natural History, Kitakyushu.
Adult worms found were placed in 2 % formalin in saline and the specimens were cleared in lactophenol for study. Measurements are given in Table I : the body length of adult worms in millimeters and the other dimensions in micrometers. Microfilariae taken from female uteri were stained with Giemsa's solution. Scanning electron microscopic (SEM) micrographs of the females and males were prepared as described elsewhere (Uni et al., 2001) . The anterior and posterior parts of some worms were used for morphologic study and the midbody specimens of the same worms have been fixed in 100 % ethanol for molecular analysis as in Agatsuma et al. (2005) and Casiraghi et al. (2004) . The generic host name, Naemorhedus, used instead of Capricornis is consistent with Grubb (1993) . The authorities of the new species are Uni and Bain. long in males (Table I) . Cephalic extremity attenuated, rounded ( figure 10 by SEM, pair no. 7 quite small, and pair no. 8 at mid-length of tail.
RESULTS
LOXODONTOFILARIA
Terminal group of two pairs (nos 9 and 10): one submedian and the other more lateral. Thus, basically 10 pairs of papillae, but in some specimens a few papillae were atrophied. Caudal extremity with three short triangular lappets and phasmids at their ventral bases arrows) . Spicules (Fig. 2F) , stout, unequal: right spicule simple, distal extremity rounded (Fig. 2J) ; left spicule with handle and lamina of equal length, distal extremity membranous and sharp ( Fig. 2K-K-1 ).
Regarding the prevalence and distribution of adult worms and microfilariae of L. caprini n. sp., 37 (33 %) of 112 serows examined in Japan (36 of 102 from Yamagata; the one from Oita) were infected with adult worms of the new filarioid. Infection was often heavy, reaching 24 worms per animal (SW1) in Yamagata. Many adult worms were found in the subcutaneous tissues of the limbs, mainly the pelvic limbs; a few worms in the neck and trunk. Many microfilariae were found in the skin of the neck, midback, and abdomen, but none in the ears (Table II) . , which is a large filarioid without transverse ridges in either sex, found in the subcutaneous connective tissues of serows. However, the new parasite appeared to belong to the genus Loxondontofilaria Berghe & Gillain, 1939 on the basis of the following characteristics: complex vagina in females, well-developed esophagus with shallow buccal cavity, and long tail with three caudal lappets (Bain et al., 1982) . The genus presently comprises three species from the Elephantidae (Proboscidea) and one species from the hippopotamus (Suiformes), which has been tentatively assigned to Loxodontofilaria on the basis of characteristics of the female worms only, as the first male worm in the genus Loxodontofilaria is described herein, L. caprini n. sp. The type species, L. loxodontis Berghe & Gillain, 1939 is a subcutaneous parasite of the African elephant, Loxodonta africana (Blumenbach) in Zaire (Berghe & Gillain, 1939 ). The species is distinct from L. caprini n. sp. in the body dilation at the level of the vulva, the vulva at mid-length of the esophagus, the vulva anterior to (half as close to the head as) that of L. caprini n. sp. (Table I ), the vagina with three bends (described as V-shape), the ovejector three times longer, and the longer microfilariae. Loxodontofilaria gossi (Baylis, 1923) , a parasite of L. africana in Tanganyika, has a visceral location (probably the peritoneal cavity, assumed by Baylis, 1923) . The species differs from our material by the twice-aswide body, the vulva far behind the esophagointestinal junction (Table I) , the vagina with a distinct posterior spherical prominence, the lumen with three bends (described as V-shape), the tail bent ventrally and shorter, and longer microfilaria. Loxodontofilaria asiatica Bain, Baker & Chabaud, 1982 from the subcutaneous tissue of Elephas indicus Linnaeus in Myanmar (Burma), resembles L. caprini n. sp. with a similar distance between head and vulva, the vaginal anatomy, the length of the ovejector, and the tail bent dorsally. However, the species differs from L. caprini n. sp., possessing a longer esophagus (Table I) , tiny lateral caudal lappets, and the microfilariae being twice as long as those of L. caprini n. sp. In L. caprini n. sp., the microfilariae coiled posteriorly. Loxodontofilaria hippopotami (Leiper, 1910 ) Bain, Baker & Chabaud, 1982 , a subcutaneous filaria taken from Hippopotamus amphibius Linnaeus, was first described from Uganda, and redescribed by Bain et al. (1982) from material collected in South Africa. The species was distinct from our material with several characteristics: shorter body (Table I) , divided and longer esophagus, larger microfilaria, and simpler anatomy of the vagina without any bends. On the three species of Loxodontofilaria parasitic in the Elephantidae, the closest species to L. caprini n. sp. is L. asiatica, a parasite of Elephas indicus in Asia, as assessed according to the anatomy of the vagina: in L. asiatica and L. caprini n. sp., the chamber has only one bend as opposed to three bends in L. loxodonta and L. gossi, the parasites of Loxodonta africana in the Ethiopian region. The new filarioid species of serows provided the first description of the male worm in the genus Loxondotofilaria. The 10 pairs of caudal papillae in the male and deirids, well-developed esophagus, and caudal lappets in both sexes exemplify primitive characteristics of the genus. However, atrophy of the buccal capsule appears to be a derived characteristic (Bain et al., 1982) . The "zoologically incoherent" host range (Chabaud, 1982) of Loxodontofilaria, composed of elephants, serows (Caprinae) and, perhaps, hippopotami, suggests the existence of "captures" or the host-switching. That these events are central in the evolution of onchocercid filariae has been supported repeatedly (Chabaud & Bain, 1994) . Litomosoides Chandler, 1931 and Cercopithifilaria Eberhard, 1980 are excellent examples (Guerrero et al., 2002 Bain et al., 2002) . The present filarioid of the serows is a new example. The diversity of Loxodontofilaria is likely underestimated as no investigation has been made into any other rupicaprine, which are spread throughout the world, and the majority of elephantids are extinct. However, on the basis of the host histories we hypothesize that the hostswitching could have occurred during the PliocenePleistocene. During that period in Eurasia, Elephantidae animals were numerous and diversified (Todd & Roth, 1996) and the young rupicaprine lineage radiated (Geist, 1987; Soma et al., 1987) . The host-switching might have occurred on the Continent or, later, on the Japanese islands after migrations of Naemorhedus ancestors into the Japanese main islands (Honshu, Shikoku, and Kyushu except for Hokkaido) during the middle Pleistocene, 0.7-0.1 Ma (Dobson & Kawamura, 1998). According to Takahashi & Namatsu (2000) on the origin of Japanese elephants, Palaeoloxodon naumanni (Makiyama, 1924) migrated from continental Asia to the Japanese islands by the southern route in the middle Pleistocene (0.3 Ma), and Mammuthus primigenius (Blumenbach, 1799) migrated from continental Asia to Hokkaido by the northern route in the late Pleistocene (0.13-0.03 Ma). The exiguity of emerged territories and local diversification of elephants may be considered as favorable factors for the host-switching. L. caprini n. sp. could be a relict of the filarial fauna hosted by Japanese elephants during the Pleistocene.
